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g ' .. SECTION I -

‘INTRODUCTION AND ENVIRONMENTAL SUMMARY

The purpose of this,feport is to present and prioritize the
major environmental, safety, and social/institutional issues 'asso-
ciated with the further development of Solar Total Energy Systéms\

© (S8TES). Solar ﬁatal energy systemsg represent a specific applica-
'+ tion of the Federally- funded solar technologies. To provide a

~fbackgraund for thls analy51s, the basic concepts of STES are re-

N viewed, as are their resource requirEEEﬂtsr The pétéﬂtiél’effects o
of these systams on the full range of environmentgl concerns (e. g,,

air and water quality, biosystems, safety, social/institutional

structuresi etc,) are then discussed in terms of both their rela-
. 3
tive significance and possible solutions. Although the develop-

ment of STES will contribute to environmental problems common to

‘any construction project or energy praduG}ng technology (i.e.,

lair pollutants resulting from cooling tower "drift"), only those

ar portion of the technolagy will be dis-

ol
cussed in depth. Finally, an environmental work plan is presented,

- impacts unique to the s

listing research and development proposals and a NEPA work plan

which mlght help clarify and/or alleviate specific env1ronmental
4

problems.
e

T,

‘Salient EﬁVlronmentgﬁtgig Safety Issues

o

Since STES are still largely in the developmental phase, the*
ues presented here and in ‘Section IV ‘-

m

poteniial environmental is

af this report are based essen ntially on technical subsystems
h]

studies, extrapolation, and, in some cases, conjecture. The com-
[ E = w

pletion of the 5 MW (thermal) Solar Thermal Test Facility and

-1~
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a number of total ‘enedyy systeq demonstration projects in the
near ‘future should, however, provide the basis for a more de-
talled and precise assessment of the anv1rcnmental impacts of

STES. . )
-

1. MiséirégtedjSQlar Radiation

Misdirected solar radiation from the hel;@stat field of
small scale central receiver STE plants is perhaps the greatest
potential safety impact associated with STES technology. Result-
ing from the emergency or accidental defocusing of the helio-
stat fleld from the central receiver unit, concentrated gnd
focused solar radiation can be an invisible but serious,

potent danger. This misdgrécted radiation can cause fires,
burns, and serious glare problems with pgssible eyé:damage_

To protect against possible eye damage and glatre problems,

plant per'sonnel may be required to wear protective goggles.

\m\

This problem could be complicated by the proximity of the

electric plant to local gogulatlong; Provisians for an "&#t“rest"

or "facé down" position for the heliostats may alleviate some

potential dangers resulting from misdirected solar radiation.

Finally, both terrestrial and overhead "exclusion areas" could

prevent people from being subjected to the hazards of this

phenomenon . : w ' (f“ " {
) e .

he thEﬁtigi impacts associated with STES take on added *
! R T .
ance because of the proximity of the energy producing

(whether Ee%idénts
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storage .subsystems tc

industrial workers). Unlike solar thermal.electric tcen-
ati

on powerplants, which usually would be located in

[

1y inhabited rural areas because of their relatively

n 5 - .
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large landirequirements tlsg square miles (3=5 kmz) per MWe for
the central regeiver configuration], STES installa tions. would be
sited ip rela;ié%ly highiy populated residential*cammunﬂtiés or
industrial areas whenever sufficient land is available. Thus their
potential for impacting area inhabitants is much greater; especially

in the event of system fallures.v The pfcéer delineation Qf ex—

l;kellhoad of ser;aus_safety Qrcblems such as those arising from
glare or fluid 1éakaqei Céftain pfotective devices such as goggles

could =
sonnel who work both w1th1n or near the energy pfoduclng plant.
Flnally, adequdte e¥ucation of workers and/or local inhabitants
t - as to the potential safety hazards of STES would prove hegpful
in avoiding. injuries. -

The above are béiievedst@ be the primary potential problems
associated %ith the .further devel@pment,of solar total energy
systems, These problems may be offset by a nUmber of beneflslal
aspects relatad to STES dev @l@pm@nt. As an alternative enerqy
technology, STES are designed to displace to a certain extent
fossil fuei combustion and/or nuzleaf power ge neratlcni! Thus

aad thermal pollution than ﬁarrgspand ng convant;cnal systémsg

In add;tlgng solid waste QQDEIQE;DH (e.g., ash, scrubber sludges,
radiocactive wastes) would be significantly léésAand thus disposal
pfabléms would be reduced. The latter would most likely compens

e
TES. Thus the benefits °

Ty
el
)

for the felathe land intensiveness of

of STES development may balance or outweigh the potential environ-
.mental and social .costs when all factors are com@idered.

various working

d Ty




e accide ntaliar emergency re;ease of-.these sub-~

»

Ty stanfes into the local environment could reép;t in thentlally

=

.

serious pollution .and safety hazards. From the safety Staﬂdleﬂt,
fire represents péfha§s the gréategt hazard.™ Some of the sub-
stances antalned in these fluids are highly flammable, especi-
ally when exposed-to the atmosphere. The release of certain of
"these fluids could contaminate local water suppgies and also :
damage the ecosystem. PrDPér'system éﬁntrol and maintenance
-shauld control fluid leakages.s Selection of the least fla
mable and toxic working fluids should alleviate bath pot

\r"l'

U fw
ot \b—“‘-‘
e

=

fire and pollution problems. Flﬁally, adequate chemlcal/
! managément can control possible impacts éf bcth accidenta
1ntentlanal Eluld r:leasex _.Such problems are th antléapated

lf solar tétal energy systéms operate uslng water, steam, or,

perhaps in the long runp® various inert gases. -~ \
: . V 7 . . 5 .
4. Impacts on Utilities ) ’ -
S The deployment of STES could significantly impact local

‘Eﬂ«

utilities and ﬁtility/conéume: relations. An STES employing.

.a fossil fuel-fired backup system woyld imply zamp;ete indepeh=
dence from the utility netg@:k In the case of industrial STES
installations, the utlllty;would be most likely lose cheaper base
load demand rather than the more expensive peaking demand. Thus
revenues would be reduced, but expensive peaklnq capac;ty would

still have to be maintained.

‘Solai

total energy systems wh;ch ﬁely on utility=supp
auxiliary power may incur pricing schemeg which penalize
im

z

mittent coasumers, beca u?e utility companies claim that they must
still getain full genéfatlnq capacity in order to meet demand during
pEflodE of extended severe weather when most solar/staraqe systemgb

will not operate. The gonstruction and maintenance of Fittlie-

used génezat;ngjéapaiity is an FKPF”%jVé proposition whighﬁwould
significantly strain the pr rofitabili of most utility cumpanle
: ; (
, ~4- ) )

e,
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- Einaliy,‘certain legal érobléms may arise concerning a

*

‘utility's legal monapaly on #he, gEﬁéfatan of electricity. 1In-

sta latsqps which emplay STES and thus prcduce their own Eléé—“

‘tricity w&uld have to seek and obtain permission for this purpose,
«from the proPEr Federal State, and local regulatory authéritigs:.

} 1

o 7 : .
. L) Thus, careful attention should BPe.given to the develgpment
=
. of alt&rnatlve rate structureglwhlch would not penalize STES

1in suf-

Zonsumers ‘and at the same tlme enable utllltle?“tg malgt
ficient revenues and praf;ts, Contractual affangéments may be
worked cut whefebyxﬁﬂ %TES £%stallat1@n would prgv1de excess eléc;
trical p@wer to the utlllty Hopefully, this would enable thé
latter to redmuce its generating Cap321ty to a limited exte

Legal constraints ?ay exist regardlng aff—51te sale of elec-
tricity; therefore, the devel@pment og*gggs will require®work-

f__lng w1th1n or modlfylng such' constraints
- .

=
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JSECTION II

B = TECHNOLOGY
: kR » - .
Y 4
) A. gggéraligéncgpts S T ) L fs;
* ¥ . = }
O The general concept behind solar total energy SYSt%CE is -
one of "cascading" energy use. This essentially iﬂgélvé' the

utilization of waste heat ,from one builéing éﬁergyyﬁunctién to
fuel another building energy fiunction requlrlng lower
tempsrature energy. This sequential  usage, or cascadl of
. thermal energy typically results in greater overall syétém
7 efficiency than conventional separate-function systems, primarily
because u?used or wagte? egefqy is kept to a mlnlmum‘ For example,

average electric power generatlon cycles operate-at 25 ta 35 per-

of ovgrall energy utll;zatlan (electrical plus thermal) in the

1/

60 to 70 percent range. Solar total energy systems are an

application of solar energy technologies. As an application, total’

enetgy systems may empioy various solar technolagies to achieve d
the desired functions of a given system. il
. e TN

The soLar total energy concept®may employ a distributed

collector CanlqufatlDH or a central receiver system to collect the

solar. energy which is tnhen used to power an electrical generator.

ééThe waste heat from this process is then stored and/or used to _
meet building heatiné} cooling, and hot water needs which require
relatively lower-temperatures than the initial electrical power
generating function.

ThiSECDﬂGEPt§E§n theoretically be appl;édfto a sindgle

building, an industrial installation, an array of detached
i
buildings (E'g'iiéi;glé family residences), o a mixed—l@ad .

]
i
]
i
bl

gégfmmunity Q@DSiSEing_Df residences and buildings of wvarious

ing
8]

had heating/cooling loads. The system, however, is subject

. ] T ; ] :
» | (léfgfLF- ' : 3
el J ~ ’ 2 . *' . «

. i:f;,f’:j ; d l 4
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imum aqd maxlmum size constraints owing to the extended

e
'_callecﬁcr land area and piping requirements for a la arge system,

. and to the high costs af electr1cltquenerat;an andfstaraqe
for a single small™building. * I

= ' #

. . . oo -
The following analysis is based on a system consisting = - "%
- = 3 .

t

Vg

e
of 1,000 .identical detaoched sihgle fam;l resi’gﬁ:es{ and‘essené
tially follows the Sandia Laboratories desi g”,;/ Figur

-

II-¥
lllustzates schematically the Sandia s@i;r total energy concept.
\ - |

B.- Subsystems

. - . = -

The subsystems of ‘solar total energy sysfems can be diviéed?
into two basiec functions: electrical power generation aﬂﬂ space -
cond;t;anlng. The electric power generation’ function can be
performed wvia the application of a number of solar téCthngiéS;
These basically includé Salér*thermal electric (STE) systems

" such -as the centra}rﬁécelver and dlstrlbuted collector des;gns.
Dtheragalar electﬁlc generatlng technologies are appllcable to
/ solar total energy systems. These include photavaltalc cells Wﬂl;n

generate ef@ﬁtrlclty via® photoelectran mechanhisms. The waste heat

from these reactions can then be used to heat a working fluid for space
conditioning hpplicati@ns ITha STE tEChﬂDnglES wlll be brlefly
, described below since they are the systems 61Qg Prlmarlly
investigated by ERDA for total éﬁergy system appllESthﬂS '
" . Finally, thére will f@lf ow a descrlptloﬂ of the ramalnlﬂg sub-"

systems necessary f@: space CDﬁdltlDﬂlng and’ completion. of the -
total energy cygle. [ o . ~
) 1. Solar "hermal Electric Power Generation
,‘ =55 - ) = 7
’ a. Basic Concepts }
) T
) = -
The basic concept underlying solar thermal electri p@wgr‘«'
generation is the utilization of solar radiation to he a work=

& - A 2.7—

o~ .
1 ! . . E ~F
= i




'CASCADED SOLAR TOTAL'ENERGY

FIGURE1I-1
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either directly or indirectly to power a turbine which will in
turn drive an electrical power generator, thus producing e
y

F
L)

system.

[RSEED Lhliliied Coll

turbogenor,




a portion of the working tfluid is byv-p ] to be used in

roa separal 1is
v . a
- :
+ . : . = . = N P : —~
The working fluids currently under consideration for use
in these systems include high molecular weight oils such as
+ | te
The turbogenerator and heat rejection subsystems employ
technology which 1s currently in wide use in conventional fossil
. fuel-=fired electric generating plants.

Because of thelr limited working fluid temperatures,

pumping losses due to extended absorber piping, and con-

sedquent
systems

Thus it

stem offers the most aconomic application of solar thermal

2nergy to the production of electricity. -

ERIC
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. P i ] S = s [50 J ; [
collectors. These higher temperatures [upwards of 100470 - (5407°C) ]

ki
.,

LY
o

concentrator subsystem to collect

to convert

21 a rocoiver heat kra » -t

it solar radlation 1w not available, and, op-

backup or auxiliary sy

",

The jhytapmaitim; o subsvstems will vary when con=

b gnlar kotal oneray
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Redirected sdglar radiation
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the Rankine c

containing the workinag

a manner

onorgy from

heated wprking

similar

Most
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reneratlion sub

workinog fluid. Boiler feedwater 1s passed

directly to power the turbogenerator unit and

Flow line for reheatindg.

The usc of a4 hoiler workino fluid which is different from

the heat transfor fluid will require a secondary loop using heat

crchanagor unitb. The rest of the eledtr

transforrod v

nal Storage Subsystem

storacoe units: | a high

that recguircd for normal

[Jihz( ’ ' j ' .
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h fr b
utes this heat for Epa:egéﬁﬁditiohing and domestic hot water

F
atureb f@r this purpose cann not be generated directly by the
receiver and- boller using the focused solar radiation from the

o
heliostat field. As noted above, the low t%mgéfétufe stor
n

system stores -waste

appliCat S. - 4

) At pretsent, thermal storage teéhﬂéldgy employs théaséﬁS; 1
héap,traﬁs%em and/or latent heat @fffusign prgperties'af variou
storage "media." ‘The latter ﬁéth@dbiﬁVDENéS a. phase’ Shapge |
and makes use of the relatively ndrrow freeze-thaw temperature
éngasiéf seletted materials such. as eutectic salts [for exél
amgiéfp%giﬁe%gé:d ium hydrﬁ(ld& (NaOH) and pnta;s;um hydro ;ide

a A

(KOH) ].. Sensible heat thraq& does not invalve a phase change
of the hiqh aDéilflC heat pr Dpelfleq of such ma-

in storage tanks, 'In the
(V.e.,

o)
generated by the receiver subsystem and in excess of the amount

‘age media are held
charge mode, s n

a 1
lar heated working fluid

superheated steam)

needed to power the ﬁufbine is diverted to the high temperature

storage subsystem and enters the strrage tank. The working

fluid then transfefg heat via heat exchan7ers to the ©il or roc

or causes the EQEECLLC salk solutions to melt. When storage pow
1s required, the process it ﬁEVéfSEd'Withbthe 0il or rock trans
ferring lgat back to the boiler feedwater and the saltngféEtin
thus releasing heat to the feedwater to produce tHe requisite
turbine operating temperatures (i.e., 5u§@fhéi:éﬂ steam) . i

C power ge n&rafm s

u
ermal energ

K=
Y

stora \ec e 't the réquiréﬂ turbine in=
let temperature. In the qd?dla distributed colle tQ' concep?,
‘ P
S :
i
5 . .
i .
p K



The Rankine cycie

“he condenser temperature
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Low tompaoratir

A

te the approp

shut down.  Thus, solar total ecnergy system a5

1te intermittontly,
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the low temporature storage s m. 3

s

Cooling 1s achiov

. e L% .
a1y candgat roning uil e

ot water- from the

of course, derived directly from the el ctrical

AT iary Foutpmoent

Two fossil fuel-firod Furnac are included in the Sandia

toen for backan pur

—
N

ERIC | '

Aruitoxt provided by Eic:



. system 1s
, , | ¥ |
located conceptua r and the high
temperature storage is below a .

4 minmum value, the is

the furnace whoere

The furnace will also oporate 1Y the ngELLdLqu in

tank i5=bé1Qw the ﬁ%ﬁimum-value. , ’
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] SECTION III  ~ *
. . . : T
. [ RESOURCE REQUIREMENTS AND
DISPLACEMENT OF, ALTERN%TIVE EﬁER3Y§S§URCES
< * ‘ \L“l é_ . \’
. - L - ] *
A. Introduction b (f : A 7 e
- N

The purpose<of 'this .section is to prDVIdP a b%§1 idea of
STES resource réqui%eménts and energy dlapiaﬁpment, STES sizing
and component usage will vary greatly ﬂepe%élng GAon specific
applications. The émplg&ﬁént of different téChﬂDlQéiéS, espe-
cially in the electricity production fﬁncticn, will cause wide
yariations in resource requirements as well as in the ability '
of the system to displace alternative sources of energy.
B. Egsa@;;;igggguggménts -

Th? electric generating plant and storage portions of an
STES w1L% require relatively large amoun®s of common materials
such as gongrete, steel, glass, and alumiﬁum. These féqﬁlféé

those makrerial
tion of
by reliance on
largely from

expected to be

C.

aluminum,

C. Displacemen t of ?

= - for the” thermal distribution subsystem
1 g, the amounts of which will

8 gre read

the production of

imported bauxite ore. . Chrome supplies also stem
T = < - - s
imports. Materials availability, however, is not

By using

building heati

solar energy to generate electricity and provide
ng and cooling, solar total enerqgy systems can
-20-
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_ritical Materials
Steel 2
-oncrete

slass

Aluminum
~opper

S\astic

risulation
Chroma/ Titanium
Silver
Viscellaneous

Source: MITRE Corp.,
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, TABLE lll-1

*_ CRITICAL MATERIALS REQUIREMENTS FOR

SOLAR TOTAL ENERG¥ SYSTEMS

ELEC‘TRICITY GENEHATIQN AND THERMAL STDRAGE)

TR J

CENTRAL EECEIVER

i

DISTRIBUTED COLLECTOR

[tc:an/MWe {rhetric tﬁﬁs/MWe)J

“500-700 .  (450-630)

1500-2500 (1360-2270) 500-1000
50-100 (45-90) | 48
20-50 (To-450 2430
5-10 (4.5-9) 5-10
520 (4.5-18) 40-60
20-40 (18-36) 25-30
1-2 &91.8) -6

0.01-0.05 (0.01-0.05) 0.005-0.01
5-10 459) - 5-10

Analysis & Planning Support for ERDA DSE.%

Fi

{ta::_r_is/ MWe (matric tﬁﬁs/ MWael]
700-1000

~ (630-910)
(450-910)
(3.6-5.4) -
(22-27) .-
(4,5-9)

" (36-54)
(23-27)
i:z 65.4)

(4!5—-9)

v“‘"'-'fﬁ
1
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significantly reduce the ccnsﬁq;ﬁiﬁn of the fossil fuels presentlfﬂ
used in these applicatians_’ $§hdia Laboratories has estimated

on'a cémgf;ative basisithe fuel and other operating costs asso-

ciated with running*a 1,00Q-identical dwelling community. A !

fﬁgﬁ;Sblgr total energy system powered solely>by fossil fuel-
fired boilers would result -in 56 percent of_tﬁéiapérating costs
over the life of the system going toward fossil fuel'pufchasesg
rFﬁésil:fgels é@nsuméﬁ'in:thrs instance would ‘still be well below

“the amounts required if electricity and heating:and cooling were
provided separately -and, in the case of the latter, on an indiv-
idual basis (that!is, if a total energy géﬁ’iguration were not

éméléyéd5,~_Tﬁe‘iﬁ;ggition of é.s@lar thermal electric system

to power. the turbageﬂeréter;fossil;fﬁel béimg used only for auxiliary

éﬁ}pasesfésgﬁiéifugEhér reduce total, fossil fuel consumption. {

It s estima£é§ thétl§o1arvanergy @ﬁ'thé‘avéragé could provide ,_:9
Eé’per:ént'éfﬂtﬁg;STES nergy f%qgéfements, the remaining ' .

36 percent %§ing‘prévide§’by fqgsijﬂgﬂelsi Over the life of the §y§=

m

~ tem, then, fossil fuel costs ééﬁiﬁ{be cut from 56 perce%t of the

overall @?erating budqat’in a néha$olar total energy,system to

1/

19 percent in )\ solarxtétal?éﬁexgy system.
. r

ot
W
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: SECTION IV ’
ENVIRONMENTAL AND SAFETY IMPACTS ' T
A. Introduction

/e > .
Solar total energy systems incorporate a number of solar
technologies, and thus the erivifonmental impacts of STES will
be of a diverse nature. . Essentially, the impacts encountered

. ) i
will stem from the two bésie STES functions of solar tharmal

;electrlclty generation and space Béatlng'and'gcallng “Space -
heating and ca@llné is normally a decentralized technology; how=
ever, ﬁhé onsite generation of electricity will meanjthat solar
‘thermal electric (STE) installations will be in close proximity .
to area residents and workers. Because,cf the ability of both ’
of these solar technologies (STE and heating and cooling) in-
Eéfpérated>iﬁ solar total energy systems to impact. 51gnlﬁl ant
numbers of people, épecial attéﬁp;an must be given to both the
environmental and safety effects of STES deployments. This
section will examiﬁé these impacts, Eonéentrating orr the solar
portion, of the technologies. Conventional impacts, such as
‘those stemmlng from auxiliary fossil fuel-fired boiler aperaLlans,

will be only briefly addressed.

B. Air Quality

. Air quality impacts of STES are expected to be minimal, at

. least insofar as the solar portion of the technology is conce¥ned.
Air quality effects which do result will primarily stem from the
conventional and auxiliary equipment associated ?riﬁarily with

solar thermal ele:tficity qeneration'(iie.,‘CDHVéntiQnal fossil

1. Auxiliary Unit Emissions .

On-site fossil fuel-fired backﬁg boilers, if uséd, will



'l
.

- et
produce the usual combustion-related emissions such as part;r;-u-'
lates® SD*' ND s CO, ané hy&zccaIBOﬁs. The impacts of thsse
em1531cns w;ll vary with the size and extent of use of the
backup units themselves, the type of fuel burned (oil or
‘natural gas w111 prabably be’ the most common auxiliary fuels
: ;t of the :elat;vely hlgh costs associated with coal burning
‘'on such a small intermittent scale), and the metearo;gglgal conﬂltlaﬂs
at the plant site. These impacts, hDWé?éf, are rot Pe:ullar to “
STES, but are common to- fossil fuel- flregfb@iler operations X
A;Agithgngh_emissigns;ircm STES will benlgggggggng to the rela-:

tively infrequent and intermittent operation of the auxiliary
boiler. '

In accordance with the Clean Air Act Amendments of 1970, 4

# 4 L

"* the Environmental Protection’ Agency has establ;shed primary and

: secondary ambient.air quality standards for six majﬂr pollu-
_tants including particulates and sulfur oxides. The ;rimaryqag
staﬁdafdé provide f@f the protection of public health and the
secondary standards for prevention of the many other undesirable
effects of air pollution pertaining to public welfare. State
and logcal agencies are responsible for limiting emissions of
pa:tiéulates and sulfur oxides so that the appropriate Federal
standards are not exceeded. STES would be subject to these
emission regulations and thus air quality impacts resulting,
from‘auxiliéry fossil fuel-fired boiler operation should be
kept within acceptable limiggi ’ . 5
2. Cooling Tower Impacts
'

STES are expected in some cases to employ wet'coaiing towers
for waste heat rejection. These towers througn watér'spfaying injeét
dissolved and suspended solids into the atmosphere as well as create
localized fog conditions (co ina tower nlume). Impacts on local air

quality will vary with plant tocation and ambient conditions.

The use of dry cooling towers (a closed systgm) would not im-




o
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"“'pact local air quality. Dry towers, however, are not ‘as ef-"

& A
LI

“2 i - B .
O o B

ficient and até more costly than wet towers in areas with

upply. Caolan towers are not pecullar to

ter su
SEES,ihut rather are co mmgn té alil newer electrlcal péWE; gen- ..

era;ing-systémsl(l ' ,hase which do not employ once through

c@gﬁiﬁéfandféz are not located near sizable bodies éﬁ*Wé}er)g
- Ty

, . 3. Fugitive Dust.’ : N

",
L

Solar total energy systé construction will result in the
‘usual fugitive dust emisslans associated with large-scale con-
struction projects. Curfently available dust suppression tech-
niques should prove adequate to control canstructlan related

fugitive dust.

‘Naturally induced fugitive dust (e.g., from wind) could
inteérfere with normal and efficient STES operation. This will
most likely result from .dust buildups. Dn the hel;astat or

‘collector reflectlng surfa:es which aéuld cause optical inter-
ference. To counter this, the heliostat f;el@ could be paveﬂ

L

br chemically treated.

C. Water Quality
1. Working Fluid Release
a. Solar Thermal Electric Fluids

STES will make use of various heat transfer fluids in

 §3§FG1atan w1th the re¢elverfbolle: and thermal storage sub-

"systems. Fluids whlch are currently being considered for-STES

appll:athﬁs and which are of concern environmentally include

hydracatban oils and var 1:L5 eut CtlE or near EutECtlL salt
# -25-
L;;fi



P

=

camhinatiags. fThésg fluids could be released to the environment *
and affect local water quality as a result of intentional
em

systen flushlng operations or accidenhtal leakage. (Periodic _
sgstem flushing would be requlreq lﬁ Qrder to replace aegraded T
fluids or to carry out maintenance.)
=
- = . . _‘(? ,i: i;. L m

The release of these oils or salts could impact the en-

v;renmént in a number of ways. In terms of water qual;ty, y
R T -
ﬁhélz release could eontam;ﬁate*lécal water supgllés. Ingéstlan-‘ b

- of cantam;nated wate: wauld praduce sérious toxic effects.

- ‘ ) £

Hm

of ;arti;ﬁ;a: concern are the inorganic nitrates and
nitrites (th ;sfd'um and patéssiﬁm~Salts) Small, repeated in-
jested- dases Qf nitrates depos1ted in drinking water. supplies

may lead to weakness, general - dépféSSLQﬂ headache, and menta%ﬁ o t?,c

impairment. -In the digestive tract of humans and animals, ‘the

ﬁzn;ggates are reduced to nitrites by some of the common intestinal

‘ba teria, paftiﬁularly the coli bacillus. Because of their

tensively as food preservatlvesi They are EKPEElally corhmon

in processed and packageé feats.

Ingested nltrltes can cause a cell res pira thy condition

known as cyanosih. N;trateEnltrogén levels in water above 8-9
L

ppm caﬁ[preclpl ate this illness. . The Public Health Service

rec@mmends fEStflEtan of the daily intake of nitrites in man to

0.4 mg/kg bady w21ght Nitrites can also induce circulating

blood staqnatlan which results in increased organism oxygen

hunger -In deltlon, ingasted nitrites may lead to the forma-

tion of a potent class of carcinogens known as nitrosamines

(formed via the reaction of nitrite
water or in he Gﬂy)¢§¥ P a
The EPA has tabllahed the maximum acccyrable lZoncentration of

nitrate-nitrogen in raw water used fDr drinking water supplies at

-



' .lO Mgy 1 while the maxlmum,acéeptable chcentratlon of nitrite-

nltr ogen in raw water used for drinking water supplieg is 1.0

"imgfl. (The latter figure applies to water whlch would be con=<

sumed by infants.). The nitrites would be used as anti-corrosive

additives in water systems (i.e., the low temperautre storage

.and distribution subsystems). Concentrations of these nitrites

would vary with the type of metal piping used and the chemical
makeup of the water; however, concentrations would generally -
be on the order of 2,000 ppm. Th s if 10,000 gallons (38,000

lltérs) of- £luid containing’ nltf e inhibitors leaked into a

m\

~medium s;zed [10 blLiian gallon (38 billion liter)] reservoir,

a final nitrite :oncentratlon (assuming no nitrites in the
reserva;r)faf 0.002 mg/l would be attained.. This would result
in-&’ nltr;te concentration—500 tlmes below thé EPA standard.

In géﬁeral, dilufion of a fluid with a 2000 ppm nitrite con-

centratlan by a factar of EQQQ would b%lne essary to bring the
total concentration Dfrnltf;tés to the EPA acceptable lavel

of 1.0 mg/l.
/
* S
The release of heavy oils c&uld also significantly impact

water quality. -The EPA has stated that oil should be "essentially
absenﬁ from raw water used for drlnklngjwater supplles since,iﬁ
in- any amaunt 0il will result in taste, odor, and appearance

changes and may be a possible human health h- ~d. -//, —

{
Pé@per chemical manzgement of system fi ~ng operations \
shéuld prevent serioug-‘1 pacting Df local water quallty Certain

of the spent fluids, guch as the oils, may bé suitable for re-

"clamation processes. It is estimated that from. 60-75 percent

of degradeéd oils may be reclaimed using presently available
techniques. These reclamation processes, however, may result
in secondary environmental impacts. Presently available indus-
trial chemical disposal methods shauldbpr@ve adequate to handle

his problem is fur-

b—]\

flushed fluids which are\not reclaimable.
ther mitigated by the fact that flushing operations are expected

to occur infrequently. \



|

Fluld leakage and/e: eplllege weuld be an accidental occur-= _

rence and is not expected as a result of nermel STES operation
Proper and periodic system melntenenee eheu%d be edegueee to
prevent major fluid leakages. In addition, 'chemical manage-—

ment procedures (e.g., eenteinmentzpenﬂe, dikes) should be able-
to control spillage and/er leakage. Thus, werking/eterége fluid _g
contamination of area water supplies should not be a major en=°+ . '

vironmental peeblem *if this area of concern 15 g;ven proper

“?tent*on dur;ng the site development end STES operation.

b. Distribution Subsystem Fluids
’ L
Various distribution fluid additives may be used in solar -

e

total energy systems to control corrosion of the distribution

"pigRing, pH levels, and/or biofouling. The relsase of these

additives into area streams or groundwater could have signifi- .
cant effects. 1In addition, certain 'of these additives may
petentlelly contaminate peteble water supplies (dleeueeed
helﬁW)i The additives af most concern end their petentlel

impacts are presented here. : . ;

(1) Chromates \ ‘

=2 4 3 ~ =2 1 b
4 ) and gdichromate (Crz (‘37 ) salts

may be used as corrosion inhibitors in distribution plplng. Con-

Both chromate (Cr ©

centrations of chromates in working flu1de‘weuld be on the erde: -
of 0.9 gm/l. The EPA maximum acceptable eeneentretlen of total
chromium in raw water used for drinking weter supplies is 0.05
mg/lfg/ Dilution by  a factor of 7,000 would bring the total
chromium in the water to the EPA standard. ;f 10,000 gallons
(38,000 liters) were emptied into a medium s#eed [10 billion

qallan (38 billion liter)] reservoir, dilution would amount to
below the standard. The toxic effects of chromates and dichroma ates
will be further discussed in the section onrpoteble water -zon-
tamination. b *
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Rigl™
Various phosphate soluti@nsxcauld~315@_b§'used as corrosion
inhibitors in distribution system fluids. Phosphorus is a

key element in all living organisms. In the protoplasm of

rt

plants and animals it is broken down by cellular metabolism or
the action Df phosPhatlz;ng bacterla to dissolved Ph@Sphatés'

(e.q., CaHPQA). These dissolved phcsp 1ates may be utilized {
directly in protein synthesis in plants as primary nutrlents.sf
Thus; the release ot relatlvely large amounts of phasphates can
generally resuit in blooms of planktongand dlgae wfth cansequent
reductlons in dlssolved aoxygen content from favorable levels of
10 t& 12 mg/l to unfavorable levels of.2 to 3 mg/1l. Phosphates
can’ thus affect\ﬂrlnklng water because the algal growths tend

to impart an’ undesirable taste and odor to the water. Cancenﬁ
trations in excess of 25 ug/l can result in excessive growths

57

in solar totaf=energy systemg are. expected t@ be small- hgwevér,

of algae or ‘other aquatic plant life. Congentrat;cns present

but release of larqe amounts of dlstrlbutl@n ngld'

in posslble dlscerﬁable effects.

=

L}

(3) Nitrates, .Nitrites . . -

The general toxic effects‘cfgnitrates gnd ﬁiﬁrites in man
and animals ana their potential carcin@geﬁic?impacts have
been discussed in the section bn solar thermal elec%tic fiuids.
Typlcally, the nlt:ate nltrogen concentratigns in lakes and other
impounded waters tend to be below 0.1 mg/l. 7/ Nitrates released
from STES distribution systems during flushing operations or

system fa%ﬂure could increase these levels in local water bhodies

and groundwater. Increased groundwater concentrations could
contaminate wells. Health aqenc;es have genéerally establlshéd
a well water nitrate concentration of 10mg/l. 7/ This concentra-
tion could be exceeded if a leak occurs in a large distri ibution
subsystem located in the vicinify of wells and the~di Séha ge 1is
allowed to infiltrate to groundwa 1 er.

‘_295 ¥ =

=, ¥



'growth‘resulting in ther"undesiyable Ef?e;ts ass

v

In addition, nitrates;*nitrites; and "fixed":(;nccrp ated

into chemical compounds) nitrogen in the form of ‘ammonia are .
- i

common basic nutrients in aquatic ecosystems. The release of

¥ .
these substances into lakes dand rivers .could stimulate floral
s

the water could

eutrophication. The dissolved nyg,pt&¥
ts to f£igh, The.

L]
o
s
:.rl'
m
=
rrn
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‘m H

thereby be reduced, with c@nsaquentrharmful eff

»con;§ntratiéns and thus the impagts:of these substangas are nat

c
expected to be sericus; however, due “to the volumes needed to
produce these effects at a noticeable level.
~
H

(4) Sulfites, Sulfates

Certain sulfate SDlutlonS such as sulfuric acid and Sulflde
Sclutlans such as sadlum sulflde may be added to dlstrlbutlan”
fluids as pH contrallers, blGEldES, and corrosion inhibitors.

e sulfides can be decampased to hydrogen sulfide (H 5) by
gpct2§;al actlgn, ahd the HZS is further oxidized ﬁa sdlfates
sucE ag‘ammonlum sulfate‘(NHBSQ ) - 6/ As in the case of phosphateg,
nltrltes, and nitrates, sulfates are used by plants as primary
nutfiénts. Related problems associated with eutrophication can
result. 1In addltlan, the release of these substances could re-
sult in increased salinlty and pH leva}s with pDSSlble harmful
eff%Fts to aguatic life:. The EPA maxiyoum allowable céncentratlan
of sulfates in freshwater used for drinkiflg water supplies 1is
250 mg/1l, while the maximum concentration of sulfides for fresh-
water aquatic life is 0.002 mg/l.- 5/ The levels of concentration

evidenced in distribution subsystems, -however, are not expected

to pose significant problems.

The Intermediate Minimum Property Standards for Solar

Heating and Domestic Hot Watervgystems (published jD;ntly by the

o

National Bureau of Standards and the Department of Housihg

Urban Development) offer a series of guidelines for the pyoper

8/

containment and disposal of released liguid working fluid

Pﬂ\

'hese quidelines are generally in relation” to solar heating
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ys%ems, but they are alsa applicable in some cases
- distribution fluids. These guidelines require that:

:m‘”

1. A list of the chemlcalgﬂémponents of the i o
heat transfer medium ,(i.e., the distribution ; JJ

N " fluid) must be provided in mg/l. This list must in-
- .. clude any substances which comprise more than 0.10%

~0f the medium.

2. The organic constituents of these substances B
g must have a five-day biocHemical Qxygéngﬁemand o
(BOD) , using séwage seed, of at least 70%
‘K.réiéf the theoretical oxygen demand. This
. ‘ ‘test s all be in conformance*with Fhe 7
3 Standatd Methods _for the Exjmination of
Waggr/énd Waste Waterf Amerlé@p Publlc

ents must ba'»fﬁpared w;thkthe 96— Hour LC-50 y
. (Lethal- Ccnce itration) blaassay value for

prtECtl@n—Df aquatlc life. Th1§>ccmpaflson

2

=t

Further research into chemical distribution fluid additives
:djr to assess their potential impacts on water

is required in o
quality. Adoption of the above Minimum Property Standards (MPS)
’ guidelines by local adm;n;stfatlve and regqulatory autharltlas

tmould insd that STES diqu;butlan system fluids will not

serlﬂusly 1mpact the enviro ent.if
_ " /o
(5) ImFacts on Seﬁ%qevTreatmentsFacilities }FS&
- ES L

STE& distribution fluids may be flushed through the existing

sanltary sewage facilities andfenter lacal sewage treatment ¥

plants In this case, the 1mpact5 of chemical ;Gnst;tuenps on
1 sewage treatmént operations should be 'investigatéd. Distribution
E -31-
/ V “

it “é’




-~ GQ% A
fluids wé?@a’a ;adegraqable and suffi ntly d;luted may |

flushed’ thraugh :vagntlgnal sewage systems. -'The following

methodology is required in the MPS:

B 7 . Using the gallon/day capacity of the local
A\ treatment plant, approximate the con~-

o
\m
ltﬂ
i

—,
Ly
‘m

tration at the treatment plant. If the
di;utign of the chemical EDngti£uéﬂtE is 1/10
the LC-50 value or greater at the sewage

, treatment plant, the heat transfer ldistri-

{;3;% " bution) mgdium must’ gs diluted before emptyin

;nta a publlc sewer.
; .e‘.i.s»

The MPS}alsa prav1de for an adequately§51zed catch basin"
to be used in conjunction with hazardous distribution fluids.
This basin would serve -to hold flushed distribution fluid ‘R
during system repairs or until it can be properly disposed of
(i.e., by being trugked away to a chemiéal dumpy. 1In addltlc
the catch basln should be adequately sized to allow’ dllut;an
in accgrdan:e with the sewage d;spgsa; provision presented

8/

above. .
‘(6) Potable Water Cgﬁﬁaminatian

STES distribution fluids w1l#/be used to supply space-. .
heating, cooling, and domestic hot waten (usually via heat
exchangers). Because of this interface between possibly hazardous
distribution fluids and potable water ‘supplies, contamination

of the latter may result in potentially harmful conseguences.

s .
Partlcularly dangerous distribution flyid components are

the nltrateg/nltrltes and the chromates and dichromates. The

toxic effectgs of the nitrates/nitrites have already been dis- \

. - \ . N . R . . !iré

cussed in the'sﬁctioh on solar thermal electric fluids. '
g 3 v

Uﬂdilutedighr@mata contaminated water could pose a health

problem’ if the watér were ingested. Concentrations’ present
‘ A

wauld be on the order of 0.9 gm/liter (less’ than 0. ° molar

- _

i1ter of chromium.




The EPA has set she maximum ‘acceptable concentration. of
otal chromium in raw water used for drinking water supplies. at
.05 mg/1, giving the followind rationale:

The necessity of restricting concentrations of total
chromium to 0.05 mg/l or less results from its adverse
)ﬁ,physical eff6Cts on hfmans and the fact that there are
insufficient data congerning the-effectiveness of the
» defined treatment procwgs in removing chromium in the . ..

- chromate form. Chrémlum, in its various vaig?ce states)

is toxic to man, produces lung tumors when inhaled, and

induces skin sensitizations. It occurs in some foods, ir. -

air, including cigarette smoke, and in some water supplies.
" No~effect levels for chromate ion on man have not been

determined. The prescribed limit of 0.05 mg/l was

established to avoid jeopardizing the publlc health by

the presence of chromium in drinking water.

warklng flu%d, is the potentlal for Eggtamlnatlgn of domest;c

water supplies. The likelihood of water supply contamination
is ﬁighest for systems with direct exchange of heat between

7 the distribution fluid and the hot water supply. Even a small

i leak in the heating coil in the hot water héétéf can result in
contamination of the hot water supply beyond EPA's maximum
”aéeéptablé standard. To reach the EPA standard of 0.05 mg/1,
iabéﬁt 0.008 gallons (0.03 1) of, working fluid would have to leak
into a nominal 50 gallon (190 1) hot water heater. It must
be kept in mind this {standard is for chronic exposure. The
amount required to preduce acute symptoms over a short term

ingestion period is likely to be higher.

L]

The éubstanseé presented above are expected tg\be those of /
most sericus concern. Yet many other fluids and additives are
7 being considered for STES use. Additional investigation of
27 ‘ potential distribution fluids and additives is necessary £
’igsure the shfety of their use in solar total energy Systems,
Research and dévelopment work is underway with the goal of
dEV%ioping effective, nontoxic, and inexpensive distribution

fluids for STES use.
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“in the meantime, a number of steps can be taken to guard °
against potable water contaminatien. Séveral of these are out-

8/

W

lined in the Minimum‘PfGPEfty Standards. These include: B

. Eéparatian of circulation loops betweén nanpatablé
system; B’ - : \

e identification of nonpotable fluid and potable water
systems by color —<coded piping or metal tags; and

e nonpotable fluid leak indicators, such as harmless

- vegetable dyes.

In addition, proper double wall heat exchanger syétemsﬁ:aﬁ

provide a high degree of protection agalnst potable water con-

-

tamination. These systemsxare illustrated in Figure IV-1. .

D. Land USE/SDlld Waste

i i

-

B .). ' 1. Foregone Use of Land

Land use is an important consideration in STES deployment,
prlmar;ly ‘becuase of the relatlvely large land areas required

far solar thermal electric generation.

TES land requ;reméﬁts may thus CDﬁfllEt with alternative
s

nd use plansi This would be especially true

m -
]
o
H
W
H
o
W
\I""“

in densely popu ulated re51dentLa% and commercial areas or areas
of Eqncentrated 1ndustr¥ such as' industrial parks. Tn such
are@s, land is at a‘gzém;um and thus high in cost with con-

flicting claims as to °its proper use.
i ) -

(VI

To mitigate these potential conflicts, planning officials

and the public should be educated on the relative cost-benefits

»

and tradeoffs between STES and *fossil fuel or nuclear powerplants.
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Aruitoxt provided by Eic:

device for transfernng thermal anargy “from one
fluid to another. In some solar systems, a heat
exchanger may be required between the transfer
medium: circulated through the collector and the
SHELL AND TUBE This type of heat exchanger
is uséd to transfer heat from a transfer medium
containing antifreeze to water used for storage.
Sheel and tube heat exchangers consist of an
outer casing or shell surrounding a bundle of
tubes. The water to be heated is normally cir-
culated in the tubes and the hot liquid is circulated
in the shell, Tubes are usually rfétil such as steel,
copper or stainless steel and tﬁé shell is often steel

for solar applications. A single ‘shell and tube heat

- exchanger cannot be used for heat transfer from

the toxic liquid to potable water because double
separatlun is not provided and the toxic liquid may
enter the potable water supply.

. :

SHELL AND DOUBLE TUBE This type of heat
exchanger is similar to the previous one except

“that a secandary tube is Iﬂcsted in the shell The

second. tube. An nntermednar’y non- tcxm heat
transfer liquid—s located between the two tube
circuits. As the heated liquid circulates through
the tube, the intermediary is heated which in turn

heats the potable water supply. The heat ex-

changer can be equipped with a sight glass to

detect leaks—toxic liquid often contains a dye—or

to increase the liguid level in the intermediary
chamber

i ®
DOUBLE WALL Another method of providing a
double separation between the ‘transfer medium

and the potable water supply consists of tubing or_
a plate coil wrapped around and bonded to a tank:

The potable water is heated as it circulates
through the coil. When this method is used the
tubing or coil must be adequately insulated to

| FIGURE IV-1 ° N S
R HEAT EXCHANGERS | |

storage medium or between storage and the distri-
bution component. Three types of heat exchangers
that are most commonly used for these purposes
are illustrated below.

,,,,,, _OUTER SHELL
: * * HOT WATER
Ef 7: —— - = o
— -
| _
- - ] »
[ —— _ _ -

INNER WATER TUBE

VISUAL INDICATOR

EXPANSION CHAMBER OUTER HEAT TRANSFER
CONTAINING HEAT
TRANSFER FLUID

HEAT TRANSFER
MEDIUM

- 8/




The relative land-intensiveness of STES is balanced by a number
Gf factors. Among these are 1) the fact that STES do not
st@rage e;ther above or bhelow ground, 2) STES_do not typically
generate the solid wastes associated with fossil fuel-fired
powerplants (i.e., ash) which require on or off-site disposal,
and 3) 'STES

are relatiyely non-polluting in terms of air, water,
and ghermal pocllution. Thus, a case could be made for the

benefits of ES outweighing, or at least balancing, ;%e costs
N in terms of relative land intensiveness and consequeﬁt dig-~

placement of other land uses.

2. iBackup Unit Residuals

t
units for use duri\g periods when direct solar radiation is not
available. %Igi‘éiuﬁits will generate the solid wastes )ash)
typically associated with fossil fuel-fired boilers. Such
wastes will require either on or off-site disposal. This
xpr@blem is not péculiaf;ta STES, but is common to any fossil

fuel-fired boiler. 1In addition, this problem is not expected

to be ﬂiqnifiéaﬁt since the backup units will be used on a relatively

or 'atural gas as fuels. The LDmEUbtlD of these fuels does

es
gen rally produce solid wastes in the same quantities as coal

l. Working, Storage, and Distribution Fluid Release

As noted above in Section C (Water Quality); the various

electricity genera-
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tion may be released into the environment as a result of flushing
operations or leakage. These fluids, mainly hydrocarbon oils

and eutectic sdlts, may potentially affect the ambient ecosystem.
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1
this phenomenon is a function of the natur
=1

u
plant species, and the type of soil, amona othe
t

Certain plants, such oo suqar be
5! a

The EPA has recommended that waters used for irrigation

have a total dissolved solids (TDS) concentration not in excaess

~he EPA recommended

spreading the salts

land at a dept
impacts of u

should not be

nature of the

rotontion cikes)

meT HEASLT

thi= sroblem.




The effects of working/storage fluid release on the eco=
system would be 1n51qn1flcant if pfééédéd byrthe removal of
vegetation and the pav1ngxgr treating of the ;OlléCth;Qf
Eeliéstat field during plant canstruétiéﬁ.& In addition, proper
management and system malntéﬂaﬂce should prevant fluid 1eakages

-or spillage. The proper cantalnment,'fémovai and disposal of

intentionally fldshed fluids should prevent their impacting

Du

local ecosystenis.’ In this regard, flushed oils could be burned,
recycled after treatment, or removed :from the plant site and
properly disposed of. Salts may:be retained in catch basins

.y until properly disp@sed of off-site in chemicaf dumpsi

‘The 1mpaats of dlStrlbutlDH fluids and additives on water
quallty and aquatlz llfe have been dlscussed ahévaﬂ Distribution
fluid leakage could also potentially harm local flaﬁa and fauna.
Proper containment facilities, such as catch basins, should

ignificantly impact-

]

prevent the release of working fluids from

ing local ecogystens.

1
certain other metal chlorides, depending ﬁbjﬁ the makéup of the

cooli nq*warpr) resulting from wet cooling tower operation (in

i

association with absorption air conditioning) could also cause
harmful effects to nearby foliage, as well as increase local
so01l salinit Emission levels are expected to be quite small,

e
iwwwever, and thus impacts resulting from salt deposition are not

expected to be significant.

0

The heliostat or FOllECtDI units may produce significant

o+
w

i
shading effects which could potentially impact local ecosyst
Numerous floral and faunal species cgeould be attracted to the
shaded areas under these units where they may thrive, thus

a
.creating system imbalances and/or impediments to collector




operation and maintenance pers. nel. Control .of these shaded
area microcommunities thf@ugh'various techniques may prove '

necessary. Paving or chemical treatment (oil application) for

|14

3

dust control purposes would elimimate floral growth as would the
application of herbicides. In addition, the absen
of floral growth and the presence of maintenance personnel
r

r
>nder the heliostat field undesirable as a faunal habitat.
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Solar Radiation ' P

Ly}

hazard agsoc1atéd with STE
¥
thermal electrlc plants is

The greatest potential safety
which employ central receiver so 14r.

. that which stems from misdirected solar radiation caused by a

\L.(:‘

misaligned heliostat field. This invisible concentrated and
focused solar radiation can tapng}ally cause fires and burns

as well as create serious glare problems.

rated in Figure IV=2, Typica
u

1

field will occur in the range of concentrated radiation aroun

(]
T
=
1Tt

int. The intensity of beam in thi§ regi ion would J{"
o ]

1
fficient to cause blinding and severe rns. 1In addition,
any type of combustible material could be easily ignited. 1In
most cases, the distancs torvthe focal point will be relatively

Limited; thus most burn or fire impacts would be limited to the

—_ 3‘)—

O o \ L
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FIGURE IV-2

v VARIATlON IN ﬁEFLECTED LIGHT INTENSITY OVER
’ DISTANCE ASSUMING NO INTERCEPTION "
BY THE RECEIVER

[l=1/D2] |

LIGHT INTENSITY {i}

INTENSITY LEVEL OF .
DIRECT SOLAR RADIATION

] , .
i EIVER APERTURE :
O UAD ! MIRROR IMAGE OF HELIOSTAT
(CONCEPTUAL | (REFLECTED LIGHT INTENSITY EQUAL TO
THAT OF DIRECT SOLAR RADIATION)

o
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" i
main. STES ptant site At a distance twice that of the' focal
point, the beam will disperse to the point where 1tiféprSEntS
a sharp glare similar to direct sunlight (see below).

concerning the possible effects of misdirected radiation. Some type
of progéctive goggles fashioned from materi t

chrome or fépi’ rise
in potential danger areas. Heliostat syétems should be designed,

for quick and safe em

rgency shutdown, and should be kept. in
[

e
face 'down "rest" position when not in use. 1In addition, all*- .
1

ﬁ ]

potentially CDmb stib]

& materials should be' stored in plac
inaccessiblé to mi i

'i;ﬁi@ﬁ_ FurthemeLe, buildinqs and

-
w
jon
-
[y’
bl
i
I
T
o
!
o
ol

access roads should be constructéd out of the pathways of

possible misdirected radiati

rt
o
b

. ﬁx
It should be noted that in o

C erte J
applications, heliostats will 1ikély be 1nd1V1du ally focused.
- Thus even one misaligned heliostat could result in burn, fire,
I

potential dangers associated with misdirected solar~adiation t
Exolusion areas and fencing (see below), where appropriate,

should also help alleviate potential problems. o

While not as hazardous as burns or fire, ylare is a poten-
‘tially serious problem resulting From misaligned or even properly
aligned heliostats This is due to its abllliy to impact both
on and off-site receptors as well as those in overflying air-
craft The intensity of thlE glare will be a function of the

£
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The above.

the p@%&ﬁgfa
Handled care

sever: burn on tiie hand when he went to move

"

occaslion, o tent surroundihg an erimental heliostat burned

driver’s union contacted the test faci
Barricer was cventinelly constructed.
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02 Working &Lluids: Safety and Handling
7@ i a. Molten Salts

heat

9 ’,-""J
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In rélation to oxidizing properties, Sadium nitrate and sodium
nitrite behave similarly (the potassium nitrate/nitrite analogs

are similar to the sodium compounds and therefore need not be
discussed). Whenac lmpdﬂled by combustible mater

“ie
NaND2 pose a severe fire hazard. Generally, nitrate

mixtures require an ignition source before they burn; however, once
. L . . g9 ‘
ignition occurs, violently gapid combustion / is possible, even

explosion. Indeed, sodiumfnitrate is such a pr erful oxidizer (or
' t

oxygen carrier for reactfons) that it is used in st

Fire problems are further compounded by the release of nitrogen

e
oxides accompanying the decomposition of the nitrates and %1tr1 es.

Storage and handling of N;Néﬁ and I\L;zﬂ;\ID;3 must also be done with
prudence as they are hygr SCQPiC compounds which absorb moisture

either from the

air or material they contact, thereby increasing
the potential for combustion. Again, proper handling practices
& F J I

are well documented and, under these conditions, NaN'2 and NaND2

are safe.

i
[
[
)

b.

Hydrocarbon oils car also pose a potential fire or burn hazard. At

temperatures of approximately 356 F (180 C) the oil vapors will combust
if exposed to air (this is known as the "Flash Point"). The "Fire
Point," at which the liquid oil itself will combust, is typically
atvtéméératureg of approximately 381°F (194DC).LQ/ These hydro-

carbon oilsy,zwill usually be hot enocugh to cause severe

h could result in oil fires In addition,
i
i r .
j 44
£ e ’
| .
)
fg ) '



’ prnper handling and protective gear should prevent serious burns.
The hydragarbon oils being considered TES applications are

e
‘not new, but rather Eave been in indus
time. Thus, fire and burn safety procedures and proper handling
techniques are generally well u 11

employed at STES installations.

heat transfer fluids. 1In many cases, liquid metals present
significant environmental and safety problems Because liquid
metals are considered a long term option, the implications of
thelr use are not presented here. An in depth discussion of
the environmental and safety implicaticns of liquid metals is
presented in n solar thermal electric systems by
Energy and Envirg tal Analysis, Tﬂc.ll/
3. er Impacts
o e ~ ;;; o . - )
A potential safety hazard peculiar to the central receiver
solar thermal electric design_is the receiver tower. Depending
upon the actual plant ‘inally adopted, there could be

one or more towers 350

compares with taller skys cra Forl

1 5
Typical utility stacks, on the other hand, average between 200
and 300 feet (61-

~
In addition, theiprohibition o ver
’ would significantly ' tion resulting
‘rom tall receiver SE:
\ki(
;4‘1,_ \
o
1
Q
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he tower is designed to support the boiler system,

Since t
proper construction methods will be emploved to cguard against
possible damage or collapse due to seismic activity Howev Er,
e g . , ) . &
even minor tower damage could result in the rupture of pres-

r—?
I
i
[
I~

ed working fluid transf n
with the turbogenerator located at the tower base. Selsmic
‘tion to distributed col-

1 =1
rems. This is because distributed systems have much
t

lector syst

greater piping distances and thus more connections and fittings
with a correspondingly higher probability of piping system
~failure Thus the potential for rupture and working fluid .
leaks may be greater with distributed collectors than with

the central recelver system Careful geologic analyses

of prospective STES sites should pinpoint area fault iﬁnés and
determine the relative probability of significant SEIS%LC activity
in the near future. Based on these studies and proper siting

and éﬁﬂstructLgn me ,i,f,,, ¢ damage can

. 7
4 Worker Safety
£ 3
Becau rise fairly
sophisti1 rt will
' be requi lents
ed. In

addition,

thermal storag »lants should preclude potential | ards resulting
from the alr
or adjust v
G. Esthetics N
1. Visual Impacts
"(s
N
The visual effects of solar total energy systems will vary
greatly, depending upon their specific uses The greatest visual
V R
h —46-



impact will be the solar thermal electric gen
thermal storage subsystems. A central receiver STE plant will

consist of a tower and a heliogtat field. Both will present a
ar

Or apartments. The tower, turboqenerat@fr and storage tanks w1ll

appear as a ;amewhat out of pla;e industrial plant.

The individual buildings which are supplied with heating,

cooling, and domestic hot water generally will not be esthetically
- unpleasing The conly noticable e nts may be the iﬁdividual
cooling tower u G

lem

units associated with building absorption air condi-
11 be small, however, resembling
N

% tioning. These cooling towers wi
1

?Conventimnal centra ing units. Added piping and

not expected to create
buildings, ip general, should
r{f visual standpoint.
EYﬁ Nolse
The boilexs andsﬁurb@qgnﬂratmrs of the STE plant will create
. !
‘the usual n@l 4 l;véiz associated with steam electric generation.
The cooling towers associated with _each S?Qr[ié subsystem will
also be a major source of noise. E% industrial gettinqsi these
,hoise levels will not add greatly to ambient conditions and will
?typlcally be indistinguishable from general in uaﬁrlal plant noise.
In residential ar=ed4s, however, the STE and storage systems could
add significantly to ambient noise levels. ‘B1is problem is
mitigated, however, by the ,intermittent and relatively infrequent
use of.the storage system ém@ling towers, which would be the main
sources of nolse in solar “total onergy svstems.
- g
| .
Y
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i
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7 m and individual heat

An important factor 1in this analysis now
up source of energy that the user plans to utilize
T F

%
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%?gﬁg%ﬁgxa ‘put of the utility and maximum poss
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c
mercial and residen
c t

t s end to raise the
~utility's capacity factor* and even out _its load by uSiDQASiES,iﬂ‘
stead. If the user has =a fairly. constant ené%qy demand, iqf-

an industrial operation, then the utility will
' t

will have to maintain the capacity so that if the STES fails
during a ity peak the utility can supply the necessary
electricity. This effect will be lessened if the user can

nce the longer and more frequent sunny days
1

d
ikely during a utility peak.

2. Building Code Adaptation Ty
4 ,

Local ;uildingicaéés may impese barriers to STES deployment,
especially in residential applications. Building code impacts may
be potentially severe because building codes zfé imposed and ad-
ministered on a municipal basis rather than through centralized

ini
State or Federal processes. Buildin® code laws generally contain

no provision for judiclal challenge or review of standards, en-

* Ihh capac

1ty factor shows the ratio

o p. - Annual Utility output (kwh) - LT
- Total 111 Capacity (kw) = 8760 hrs. %
. : b
\ o N



forcement, or administration. Potential legal remedies include
anti—trust actions based on undue restrictiéﬁ of energy alternatives,
‘review of regulations to determine whether they unduly restrict an
owner's use of property w1thgut due pracess of law, ahd invocation
of ‘interstate c%mmerce prOVlS;DnE for Federal review of State laws
which ﬂnduly burden interstate ccmmerce.lg/ Potent;a ;aeial,[
actions, such as a national building code or a system of State

code certification tied to Federal grants, are generally considered
‘unrealistic in terms of monetary and manpower expense, although
HUD's revised MPS are éxpepted to serve as a useful model for
State or locally initiated revision of codes. A review of current
research and experience with solar heated installations indicated
‘that no se¥ious conflicts have arisen or are expected to.arise

. between local building codes and solar system users. 12,13,14/ Thle

however, may not be the case with solar total energy systems.

In geﬁeral, thgughg STES are energy savers and thus politically
attractive. Thereéoreg several States have enacted legislation
requiring new buildings;to have the capability to accommodate solar
heating, cooling, and hot water systems. Such regulations are

expected to greatly minimize future building code conflicts.

Solar builders and researchers agree that education and co-
\operatian of officials at the local level is the most crucial re-
quirement in resolving building code conflicts. _As one researcher
vsummarizedi "The building code dilemma must be resolved at the local
level with the. aid of people who have been involved in modelling
codes in the past as ;ell as solar energy pé@pleg"l4/_ Public educa-
tion as to the energy saving potential of solar total energy

'systems should facilitate this process:

&

3. ulations

g
O

oning Re

I
e

Zoning. regulations are based om the police powers
government and fall within the grant of powers to towns and
cities. In essence, zoning regu

1
which owners may devei.p or use their land in the interest of the

1

\
-~
he



public health, safety, morals, and general welfare. Zoning regu-
lations are largely initiated and administered at the municipal

~'or county level and although there is a trend towards regional

and Statewide zoning plans, their administration is often hampered
by lack of funds, lack of interest, haphazard re?ortingi complexity,

expense, and fragmentation of administrative précedures.ls/

‘Land use controls other than zoning include personal cove-

ants or easements and subdivision requirements imposed on developers
‘specifying services to be provided in compensation for the &ddi- '
sed by incoming residents.

tional demands on community resources

n W

cau
In general, subdivision requirements for lazgé developments such
as residential areas, shopping centers, and industrial parks (all

potential STES users) tend to be broader and more flexible than

those for Dther land useslz 16/

Zoning requirements which may restrict the use of solar total
energy systems. 1n§1ud height limitations and provisions for
building appearance or esthetic review. These pacts would be
particularly severe for solar total energy systems. Cooperative

systems involving collectors or'storage shared among several pro-
perty owners such as a community owned STES migﬁt also vioclate re-
strictions on property use, although this has not occurred to date.
Where zoning regulations are incompatible with proposed solar

total energy'sysﬁems, variance procedures are‘ggstly, time-consuming;,
and uncertain, with wide variations among various localities.
Furthermore, zoning regulations are not readily subject to judicial
feview, 50 each situation .must be considered on a case-by-case

5.

e

basi

As with buildiﬁg codes, changes in zoning regulations are most
1ikely to be successful when approached at the .local level, although
comprehensive regional and Statewide regulations provide a useful
model framework. Modifications of current zoning and land user

regulations to promote solar energy utilization havi been proposed

~-51-
i .
) )



on the basis of extending tHe interpretation of public welfare to
include the benefits of decreased dépeﬁdéﬁée’cn non-renewable and
env1rcnmenta ly taxing energy sources. The gaalraf such modifi- .
.cations would be to remove physical restrictions.on héight, bulkg
location, and appearance of solar éDmﬁéﬂéﬂéSg and also to emsure
access to sunlight, which is discussed in gféaterddetail below.
The overall impact of zoning and land useiregulati@ns has been .

d on a case-by-case
£

igible to date, with caniilcts being solx

Hl

- negli

o

ve
ipasls ‘However, this impact 15 expected to grow as the number
75Q1§£ installations increases and may become a significant de-
terrent to their general use if potential problems are nat re-
solved. It is expected, however, that adequate plann;ng coupled
with legislation and gubl;c education (portraying STES as an energy
$EV1ng technology) can alleviate most problems resultlng from local

regulations.

4. Solar Access Impacts
The “sun‘rights“ issue or the problem of assuring continued

éccéss to sunlight on solar collectors or heliostats represents a
potential social impact of STES development. If continued access
to Sunlighg is in doubt, potential STES users, investors, and in-
stitutional decision-makers may be hésitént to commit their re-
sources to the new technology. Similarly, changing the present
soclial framework to provide for sun guarantees could produce sig-
nificant modifications in existing institutions and legal rela-
tionships. The sun rights problem has been addressed by many re-

searchers, including the American Bar Foundation and individual

ea
legal experts.

Potential responses to the need for guaranteed access to sun-
light vary from case-by- -case legal actions to comprehensive zoning
0a

or other land use controls. Approaches used and their impact on

social institutions and solar energy use will vary béth in differ-

ent situations and also with the urgency and maqn;tude of the

wi
problem as solar cquipment becomes more and more widely available



and in use. In{a study on solar Ilghts law, attorneys Kraemer)
and Felt provide a set of guidelines for evaiuatlng the impact
of alternatlve solar rights méchanlsms and choas;ng appraprlat
. actions for 'péclflc situations. 15/ In th%siframéwsrk, salitia,;
should: - ' ! ' -

¢
kY

rot
prgmcte solar energy develgpmant and use; 7 .,
be po tlcally acceptable at all levels, especlally local;

Gamplément but not replace existing remedies such as
covenants and easements;

avoid additional direct expense;

® pragmatically solve specific problems arising in use, not
broad hypothetical problemg;
minimize, new bureaucratic structures and red tape,
avoid litigation between neighbors;
avoid unnecessary burdens to property ownerk and developers;
and

e provide flexibility for changing techn@lagy : -

Specific alternative mechanisms for ensuring access to sunlight are

n
discussed below.
fi Covenants and Deed Restrictions

In this alternative, land=owners agree to observe certain re-

. strictions on use of their land, such as foregoing structures or-
vegetation which would shadow their neighbors' solar colleczgrs
during peak sunlight hours. Covenants can be established during de-
velopment, especially for large tracts, and may be incorporated
into the title document or administered by a controlling body on a
case-pby-case basis. However, :lﬁvenaﬂts arfect only a small number of
units at one time, so that they are unsuitable as a univeréal solu-
tion. Because covenants do not necessarily run with the land, they

may also cease to apply or be subject to renegotiation when Iand

I
¥y
o
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’ Easements ‘for acce to éuﬁlight are similar to covenants and

ss
may be negotiated between neighbors on the basis of mutual agree--
ment- or’ flnanglal remunerationg An easement forbidding
“would be a negatlve rathéz than a positive agreement and thus by_g\\\

law 1t must be created by express grant on a case-by-case ‘basis

rather than by ;mplicatlon or prescription.’ The format of such N
agreements may be Prescrlbed by law in some cag;é (e.g., in Calérada).
In general, ﬁébtalnlng vasements fﬂr 'sunlight may be a costly, Co,
. time-copsuming, and*uncertain process, particularly where neigh-
bors have esthetic objecﬁi@ns or wish to protect future lafld-
scaping or development DpFibnsi Consequently, their uségulﬁéés
s limited as a ggneral séluti@ﬁ to the sun rights problem, and
the necessity afi@bﬁaining such an agreement may act as a dis-
ce

entive to potential STES users.

c. Private Nuisance Actions

Private nuisance actions based on shading tfaditiané&ly have
not been successful in the United States. Actions based on the
English common law "Doctrine of Ancient Lights," which stated
that an owner had a right to light falling across his neighbor's
property if he had enjoyed its use for a péZiéd of 40 years, have
been interpreted as unsuitable in America, where rapid change and
development have been prime characteristics of national 1ifeil2f
Private nuisance actions must instead demonstrate that collector

shading results from malice and ill will and/or constitutes ir-

reparable action EauSlﬂq greater harm ''an that expected from en-
joining the defendant's activity, cri. ~a which will be difficult
15,16/

to satisfy in many cases. In general, private nuisance ac-
tions have doubtful value as a solar protection. The right to
free use and developméﬂt of pfoéérty is generally given;higgfg?lue
in the United States, while solar nulsance surts would p:omote‘
litigation between neighbors, burden owners and users, 1increase
direct expenses, and provide at best only a case- by -case solution

to collector shading problems.




7 d.: Eminent Domain '~ v SRR
ﬁs—ﬁ - . ' - ; =~ t ! »
Federal, State, anﬂ tocal governments have thé péWér to authar—

ize the takipg of property for public use, and several :esaarchers
have suggested-that the -government might have the power to :Agiémﬂ
. _ . ¥ . R . = .

airspace for salé or lease to STES usérs\gslng eminent domain .

powers. There is ‘some question whether su ch taking would be far

-

a legitimate public use, as the immediat s\beneflt would goto pri-
vate |lusers despite the ultimate iméact ominatienal energy and. 2
env1’anmental resgurces, however, there_ is somé‘prééédent for

such a brgad inttrpretation, -particu ularly in the devélopment of

the Jurban renéwal concept. Questions of 1nterpreta%;an aside,

thls apprgach would have several undesirable impacts in that ex-
tensive bureaucratic action is required, complex mechan;sms for
determining the dollar value of condemned airspace must be developed,
and the requirement gf public-use as opposed to mere benefit would
require that cellectors or heliostats actually be installed at

condemned locatlions. Consequently, condemnation would provide for

wm

pecific solar installations but would not provide for a general .
ri

7h

rt
wrll'

use sunlight if desired.

H
‘Lﬂ‘

At ‘the same time, owners and developers would be unduly blocked
f;om_using all 1aﬂds_in a condemned tract, even though many areas -——
would not block potential collector sites. Enforcement of condem-

nation proceedings would tend to cause litigation between neighbors -
and require establishment of regulatlons which could be politically

unacceptable to local officials.

of government in crucial decisions about STES slze, Eharaaterlstics,
and 1o:ationi thereby weakening independent develapment of solar

total energy systems by private 1ndustr}és and individuals.
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.. Zoning aﬁgafgﬁd Use’ CGntrDl .
<
‘ B "Three-dimensional zoning," D} extension of zoning regulations
; to i?ciude control of shading Gnégthérg‘ pro perty, has been pro-
’ pgsad és a @qugectivefimﬁact of widespread solar energy develop-
ent. S ich plans mlght gfgblde far controls on allowable shading
at tical pé:l@ds, w1th g;rlanée procedures to p%event undue
h;rﬂsh ips. Some zoning plans already {?clude provisions for*ade-

quate light and air (Coléradc) Other zoning analogs would include
height controls and esthetic zoning for historic districts. b
Crucial requirements for suniight_zgniﬁg controls would be the
démcnstraticn of public as'oppésed to pfivate benéfits,'cieaf and

15{ Drawbacks to such regulatlans

ssfg of restrictions w;th;n each 'zone
"would include vulnerability to challenge as an undue burden on
property owners and the need for complex administrative structures.
Much litigation would probably be generated. Sunlight zoning

would be likely to raise severe polltlcal opposition on the b3515
of limitations on the free use and detelopment of land. Several
researchers have suggested using transferable development rights

or density bonuses, compensating developers who are prevented from
free use of land at some locations by allowing wider land uses or

greater density at othérs.

»spite their drawbacks, zoning controls may be a significant

De
element in determining the ultimate impact of solar energy. Com-
prehensive gz@ning plans may provide a framework to accommodate the

Mcreasing trend of enlarging publlc benefit concepts to include
rgy and environmental é@n51deratlons, As solar total energy
system use reaches significant proportions in specific localities,
local zoning actions may be a useful mechanism for providing access
to sunlight. ' %%%%zn .
_ Subdivision fequifemeﬂ;s are land use controls similar to
zeding rules which are imposed andevelopefs of large tracts by

local government to compensate for community growth. Typical pro-
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visions are fo rfépen space, sehaclé‘ Yoads, and sanitary fac;L;tles
en

v
Thege requirem
STES Eapabilltles and ‘'shade protections. ‘Although subdivision

(i
-

nts might be enlarged fo include provisions for ' =

fequ;reménts tend to-be more flexible than zoning laws, they are

51mllarly prospective and lacal in nature =
N 5. Public Nuisance Actions . >

- i . -
P bilc nu;sance reg&latlans are;based on the Eglléé powers éf
State and local government and most State :r;m;nal codes deflne
nce and pr@v;de_fgr their abatement.
- the

EPEELflﬁ acts of puhllc nu

isa

A puhllc nuisance 15 generally defined as the "doing of
£ ]

fa;lure to do something that injuriously affects the sa
or mgrals of the public or causes hurt, 1ncgnvenlencafﬂf damage to

the public gene:allyi"ls/ Kraemer and Felt feel that pubXie

nuisance law %egresents the best and simplest way to pr rotect saiar’

collectors from shading by other property uses. Protection of
solar energy use would preserve the community by providing energy
alternatives and reducing dependence on scarce or environmentally
damaging fuels Unlike zcning, publiE nuisance regulatiéns are ;
g’undue taking of pr@gerty or equal justice and due process provision
Only struztﬁres which actually created ghading préblems would be
affected. Finally; expanded bureaucratic processes or public

court actions would be minimized.

Kraemer and Felt provide a model solar law defining shadows
on a solar collector as a public nuisance and specifying appli-
cable equipment, times of day, and sources of shadow. A municipal
ordinance similar to Kraemer and Felt's proposed law is presently
under study by the City of Virginia Beach, Vi;glnla 17/ This or-
dinance forbids shading of public beaches on the Atlantic Ogean
or Chesapeake Bay during peak periods of sunlight and recreational
use. Aithough this ordinance was designed to protect recreational

values, it is being observed by many ;Qlar:enthuSLSSts as a poken=

- i
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ty, health,
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In summary, most sources consulted havée not encountered sig-

nificant conflict between solar technology use and the existing

= : St [ e ) - s 5
- social infrastructure. However, more conflicts are foreseen as

solar use becomels more widespread. While solar £Q£EI£enérgy
‘'systems are rela se

ively rare, gase-by-case solutions such as cove-

ts or private nuisance actions would be the most
graminent social imp-~ts. Breo- 'er measures such as‘zaniﬁg and pub-
lég,yuisangé zegulati@ns‘m§¥,§valvelas the number of STES indtal-
lations and potential conflicts increase. Meanwhile,' such

s - impacts must _be addressed in order to miniﬁige their action as

disincentives to long term solar development and planning.
& : - B

. ' Most authorities agree that the greatest instituti@nal_impactsx
of solar energy development will occur at the lé:al,lgyelib Con-
- sequently, the am@ﬁnt and qualitysof 1ﬁ£@rmation on solar “tech- . _
nélagies énd their sacial'implic§zicns will continue ta‘be a crucial
ffactor in determining social impacts. Public education at the
community level could do much teo remove po;ential social and insti-

tutional barriers to solar total energy system deployment.
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A. Introduction \\ " j
The purpose of this .section is to lay out a preliminary
draft work plan for environmental analysis of thg solar total

energy system concepts under develﬁ%ment by the Energy Research

and Develépment Admlnlstratlan 2 addresses -the preparation of

al Impact Assessments,

rrm

en
and Environmental Impact Statements as well as the conduct of

basic and applied :esearch suppartng of develéping a better under-

standing of the environmental attributes of STES.

The work scheduled in this repart should not be construed as
official plans of either the Division of Solar Energy or of ERDA

as a whole. The work sthn is that identified by the contractor.
Many of the projects ldentlf;ed and outlined in Section D can be
carried outside of ERDA and can be handled in a variety of ways.
The scheduled work does not take into account breakthroughs or
findings which may result in the need for reductions or expansions
in effort and it may;not reflect specific work already underway

in the public or private sectors. ;

B. Description of NEPA Documents

1. Background

/
The National Env1ronmental Policy Act of 1969 (NEPA) imple-

mented by Executive Order on March 5, 1970, and the guidelines of
the Council on Environmental Quality of August 1, 1973, require
that all agencies of the Federal government prepare detailed en-

vironmental statements on major Federal actions significantly

\ .



affeq;;ng the qu 1;ty The cb] ctiv

o e
NEPA is to build into the Zederal agency déclslan-mak;ng process,
int, an appropriate and careful con-

at the earliest possible p

sideration of all environmenfal aspe cts. of a pr@posed action,
inimized,

Q¥de: that adverse env;:&n@i:;,l affects may be avoided or m

In Earrylng Dut this mandate, each agenay of the government ‘
has set out a p olicy and procedures far melementlng these re-
quirements. ERDA currently operates under official guidelines
originally established by and f@gﬁthe now defunct Atomic Energy

Commission. In an éffort to up-date and reorient the guidelines

to meet ERDA's need, alternative guidelines are now being prepared

Although the proposed revisions have yet to be finalized or
adopted, because the prcp@seé changes are so extensive and this
document is to serve as an input to a future agency planning effort,
for purposes of this analysis the most recent proposed revision
(November 1, 1976) has been used to represent the future official.
guidelines. The discussion of NEPA report requirémEﬁts and
LrECQmmended work schedule is predicated on the guldance provided
in the November 1: draft revision.

Theibackbone of ERDA's NEPA compliance program is the prepar-
§ ation and review (by the agency and the public) of documents ad-
dressing the environmental aspects of programs and projects of .
the agéﬁcy .Three types of documents are particularly important.
These are Environmental Develémeﬁt Plans (EDP's), Env1ronmen%al
Impact Assessments (EIA'sS), and Environmental Impact StatemEﬁﬁs _

(EIS's). Each is described below.

2. Environmental Development Plans

An Environmental Development Plan (EDP) is the basic ERDA
management document for the planning, budgeting, managing, and re-

viewing of the broad environmental implications for each energy

1
bea]
pa]
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technology éltérﬁativé for each*majgr ERDA research, dg%el@pmant,
and demonstration and commercialization program. The EDP is
désignéditg identify environmental issues, pr@blémsg and concerns
as early as possible during the program's development; to analyze
the available data and assess the current state of knowledge re-
lated to eacﬁ/éssue, prablem and céncern: to set forth strategies‘

is 1nva1ved in identification aﬁﬂ resﬁlutlﬁn of these issues,
problems, and concerns; and to designate significant milestones

for resolution of these issues, problems, and concerns. The timing
of the EDP's milestones. reflect thE‘seéuencing of the technology

developmeng. The EDP's, once completed, are made available to the

publig:

I Environmental Impact Assessments
* EA Environmental Impact Assessment (EIA) is a Wfittég report

prepared by an Assistant Administrator or an ERDA program office,

ich evaluates the environmental impacts of proposed ERDA actlons

b

to assure that environmental values are considered at the earllest
meaningful point in the decision-making process. Based uéan this
evaluation, ERDA determines whether or not an environmental im-
pact statement should be prepared. The EIA is intended to be

a brief, factual, and objecﬁive document describing the proposed
action; the environmént‘whish may be impacted; the potential
environmental impacts during construction, operations, and

site restoration; potential conflicts with Federal, State, re-
gional, or local plans; and the environmental implications of

alternatives.

4. Environmental Impa Statements
An Environmental Impact Statement (EIS) is a ‘document prepared

at the earliest meaningful point in the decision-making process

-6 1-
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which analyz %i anticipated environmental lmpacts of proposed
ions and of reasonably avallablega;ternatlves. It reflects

responsible public and governmental view$ and concerns. EIS's

are prepared in response to plans in the program EDP or after the

review of an EIA which ldentlfles patent;ally s;gnlflcant 1mpa¢ts.

agency and pgblié review.

The EIS goes through four steps during its preparati@n§

reviewed within ERDA; the draft is dis-

n

The preliminary draft i
tributed to the public for review and comment; the preliminary
final,incorporating comments submitted to ERDA in.response to the
draft,is reviewed wi%hin ERDA; and the final EIS is issued reflect-

This final EIS
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ing the agency's fin

is then officially filed with the Council on Environmental Quallty
P

days

and distributed to the tubl;p. Except in special cases, ng ERDA
action subject to EIS preparation can be taken sooner thaniBD

after the final EIS has been issued.

= ——

EIS's can be prepared coyering programs, projects, or the use
of ERD In

A §ac111tles each case the document must reflect the

utilization of a Syatematic inté:disciplinary approach which will

the environmental dé;lqn arts.

.

-

=

he “epért includes a déscription of the existinq envionnment and

its aiternatlveg, including an analys;g Qf resource reguirements and

land use implications. There is a specific review of the unavoidable

jo N

adverse environmental affegts and a comparison of the advantages an

disadvantages of the pr@pfséd action and it alternatives

C. NEPA Document Work Plan

Figure V-1 presents an environmental work schedule for various
solar total energy systém projects. Also included is a schedule
for various research projects which are proposed below

-62- )
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- ‘ FIGURE V-1
SOLAR TOTAL ENERGY SYSTEM

. o .. CALENDAR YEAR

WORK ELEMENT R AR R R
M - 1 Lol et
NEPA DOCUMENTS |
- @ STES—Baracks
- e STES#
“ * STES #2
* STES #3
o STES #4
RESEARCH PROJECTS.
(1) 10MWe Site Monitoring #
{2) Safety Study |

+ ¢ {3) |ndustry Regulation
(4) Working Fluid Toxicity Study

(6) Chemical Waste Disposal
(6) Consumer/Utility Interactions

o
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D. Research and Devglopment Projects

Through the preparation of EEA's environmental survey of the
energy system program, a wide range of environmental

E‘SEEL‘E identified which could not be adequately analyzed within
=

the context of this study due to the complexity of the problems,
the general lack of necessary research data, and the level of ef-

1edule of the EEA study¥. This section identifies

1. uagnﬂ'ltp Monitoring
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Parameters at the 10 MWe Solar

@ Prior Lo npclatimi of Miwe
s phyflﬁal/chemlzal charac-~

f the
take ) ctaerize the p
teristics of soil and groundwater at the site. Local flora
and fauna shall also be characterized at the site and an
adjacent "similar" site.

e During operation of the facility these parameters shall be
intermittently re-gvaluated to determine the net impact of
heliostat emplacement and operation on the rate and extent

of chan in soil conditions, post construction flora and
fauna repopulation, water bqlan ce at the soll/air interface,

and potential climatological perturbations.
2
Safutby Proceduraes for Jhrlfi{i@ﬂ, Transport, Construction,
¢ st

(KNG

and ﬁpératiﬁﬁ of Heliostats ibuted Collectors

(hardware and/or operational) which

e Develop control measures

will minimize or alleviate hazards due to misdirected light
coflectod by heliostats and collectors during all phases
of their fabrication and nse,

~6 - v .

Aruitoxt provided by Eic:



O

/ : )

e Assess the cost and effectiveness of spedific safety pro-
cedures which might be applied to residential and commercial
solar thermal electric facilities. . -

® Develop a training program and handbook to be used in pre-
paring workers and operators who will deal with the use and
handling of heliostats.

3. R lation of the Solar Industries

As the various solar technologies move into large scale com-

mercialization, spo 51bility for insurance of equipment depen-
dability, efficenzy, durability, and safety will fall both on the

government and the indu#t try. This study would:

ERIC

Aruitoxt provided by Eic:

oo

Identify the current mechanism of governmental or private
regulation of the solar technology industries and their
conventional technology counterpart(s). -
Assess the adequacy of turrent and future regulatory mech-
anisms, 1in particular, the extent to which self-regulation
is likely and will be adequate.

evelop and analyze alternative regulatory options available
© government (Federal, State, local) and industry (through
associations) to ‘insure the quality of solar technology
products and to determine legal liability precedents and
the impact on the insurance industry.

Jiquid Working Fl:id Additives Toxicity/Contamination

Survey all working fluid additives to identify chemical com-

position, range of concentrations likely to be found in

water based working, fluid, and reason for using additive.

Analyze various paths for entry of working fluid into the
individual domestic water supply and estimate possible con-
centrations in the drinking water supply.

Review dffects information to determine type of effect severity

of single or multiplé doses incurred prior to detection of

water taste or system failure).

the leak (due to

o contaminants which
~ategles which might i

j I""
]
= ‘)"13(
=
o 1":3
s

-- taste or color indidato. of a leak;
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ERIC

Aruitoxt provided by Eic:

== a leak detection system; - and or

-- . redesign to prevent leaks from occuring; and’or

WlﬁatLDﬂ of additive or use of an alternative

nalyze alternative methods for treatment and disposal
> f ufed storage salts and working fluid removed
“rom, STES s ljuring m: I . i

\W

g

For each approach estimate cost, labor requirements, and net
environmental impact, and determine whether regulations of finan-
cial incentives will »= needed to insure adequate imple-
mentation.

.

Analyze the shift in ele&tricity demand which can result
frem solar total energy system use.

Determine the impact this shift will have on utility in-
dustry capital requirements and operating costs.

Identify alternative pricing mechanisms for distributing
and non--solar -

electricity generating.costs to STES users
customers.

Identify mechanisms avialable to the government to insure
that pricing structures which are adopted do not place
severe or unfair costs on a particular consumer group..
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Personal communication with pavid Burd, AthltECt for a
retrofit residential solar heating system, Washington, D.C.
Juanita C. Ellington, University of Houston Energy In-
stitute, reported in Bureau of National Affairs, Energy
Users Report, 116, November 6, 1975. -

Environmental Law Institute, "Solar Energy and Land Use in
Colorado: Legal, Institutional, and Policy Perspectives"”
(Solar Energy .Project Interim Report), Washington, D.C.,
April, 1976. ¥
Solar Energy Intelligence Report, April 12, 1976. -
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